Twenty-four Polish Landrace pigs (12 gilts and 12 barrows) fattened from 30 to 95 kg body weight were fed diets containing 18% rapeseed meal (RSM) and full-fat rape seeds (RS) in the following amounts: 0 (group RS-0), 10 (group RS-10) or 20% (group RS-20). The pigs were fed on an individual basis with rations having equal energy, protein and lysine contents. Nitrogen balance was determined at 40, 60 and 80 kg liveweight. Metabolizable energy and protein utilization were determined by the slaughter technique. The thyroid gland, liver and kidneys were weighed and plasma T 3 and T 4 levels assayed.
INTRODUCTION
Rapeseed oilmeal (RSM) is a valuable source of protein, but 1 kg dry matter (DM) of this meal contains only 12 MJ ME (Raj et al., 1990) , i.e. almost 2 MJ less than soyabean oilmeal. This limits its use in the feeding of growing pigs, which require high energy feeds (Campbell and Taverner, 1986) . Results comparable to those obtained using soyabean meal can be obtained with diets containing high levels of , supplemented with a high energy component, e.g cereal starch or animal fat Fandrejewski et al., 1994; Thomke, 1984) .
Full-fat raw rape seeds can also be used to increase the energy content of feeds for pigs (Gillet al., 1989; Glaps et al., 1992; Skomialet al., 1993) . The addition of rape seed to a feed raises its glucosinolate (GL) content and introduces an enzyme, myrosinase, which can adversely affect the physiology of animals. This was found in studies on rats (Bille et al., 1983b) , among others.
The objective of this study was to determine the effect of feeding rapeseed meal plus rape seeds added to increase the energy content in the diet, on the fattening performance, especially energy utilization, and on body composition and internal organ weights in pigs.
MATERIAL AND METHODS
Rape seeds (RS) and rapeseed meal (RSM) were from the same batch of double low rape and contained 20.5 and 12.3 MJ ME/kg DM, and 22.8 and 5.5 M glucosinolates per gram of fat-free dry matter, respectively (Raj et al.,1993) . The experimental mixtures contained the same amount of rapeseed meal (18 %) and various amounts of rape seeds: 0 (group RS-0), 10 (group RS-10) or 20% (RS-20) (Table 1 ) substituted for barley.
The concentration of metabolizable energy in mixtures RS-0, RS-10 and RS-20 equaled 11.8, 12.4 and 13.0 MJ/kg, respectively ( Table 2 ). The mixtures were supplemented with synthetic lysine up to not less than 5.2% of crude protein. The ratio of crude protein and lysine to metabolizable energy was the same in all the diets and equalled 13.4 and 0.7 g per 1 MJ.
Twenty-four Polish Landrace pigs (12 gilts and 12 barrows) divided into 3 groups were fattened from 30 to 95 kg liveweight. The animals were kept in individual pens without bedding. Mean daily energy intake was similar in all groups (Table 2) . Feed rations were increased weekly according to the weight of the animals. During the experiment, the barrows were periodically transferred to metabolic cages and after 3 days of adaptation, four-day faeces and urine collections were conducted at live weights of 40, 60 and 80 kg. Nitrogen digestibility and balance were determined.
At the end of fattening, the animals were slaughtered and the protein and fat contents of the empty body were determined, the thyroid, liver and kidneys weighed. The chemical composition of the feeds, faeces and body of the animals, RS, RSM -see Table 1 as well as the nitrogen content of the urine were determined by conventional methods. Gross energy of feeds, faeces and urine were measured in a calorimetric bomb. ME was calculated as the difference between energy intake and excretion in urine and faeces. Regression equations formulated by Fandrejewski (1992) were used to estimate the initial protein and energy contents in the body of the experimental animals. Energy deposition was estimated according to protein and fat gain in the body, using the coefficients given by Brouwer (1965) for protein (23.9 kJ/g) and fat (39.8 kJ/g). The glucosinolate (GL) contents in RS and RSM, expressed as the sum of the fractions, was determined by the Youngs-Wetter method, modified by Byczyriska (1971) . The amino acid composition of feeds was determined using a Beckman Unichrom analyzer as described by Buraczewska et al. (1987) . Plasma thyroid hormones were assayed in blood sampled after slaughter using RIA kits (RIA-T 3 and RIA-T 4 from POLATOM).
The statistical significance of differences was evaluated by variance analysis taking into account effect of diet and sex, and for nitrogen balance, diet and body weight.
RESULTS
The apparent digestibility of crude protein (Table 3 ) averaged 77.7% and did not depend on the seed content in the diet, but was 3.8 and 2.9% lower (P<0.01) in pigs weighing 40 kg than in 60 or 80 kg animals, respectively. Nitrogen TABLE 3 Nitrogen balance (g/day) and N digestibility in growing pigs fed diets containing 0, 10 or 20% of rape seeds (n = 4) A significant (P<0.05) interaction between diet and body weight was found; as the body weight increased, NR decreased in groups RS-10 and RS-20, and rose in group RS-0 ( Figure 1) . A similar direction of changes was observed in utilization of nitrogen absorbed in relation to nitrogen retained. Despite the high level of feeding (1.3 MJ ME/kg 0,75 ) and the high proportion of rape seeds (up to 38% in group RS-20), the pigs ate the provided rations. The average daily weight gain decreased as the percentage of seeds in the feed rose (Table 4) . A 20% seed content in the diet lowered the average daily weight gain by 88 g and deteriorated the use of ME to 5.5 MJ per kilogram of body weight gain (P<0.01). Significant differences among the groups of animals in respect to these parameters were observed as early as in the sixth week of the experiment. The level of rape seeds in the diet did not affect the chemical composition of the body at 95 kg or the daily fat deposition, but decreased daily protein deposition from 115 g in group RS-0 to 98 g in group RS-20 (Table 5) . As a result, protein (N x 6.25) utilization worsened and in group RS-20 was 4.5% lower (P<0.05) than in group RS-0. 
A, B-P<0.01 The gilts produced 1 kg more protein and 3.1 kg less fat than the barrows. The weight of the liver and kidneys of pigs fed rations containing rape seeds was significantly greater than of the pigs given only RSM but this effect was not proportional to the seed content (Table 6 ). The addition of raw seeds to the diets in amounts of 10 or 20%, increased the weight of the liver by 62 and 86%, respectively, and of the kidneys by 17% in both groups (P<0.01).
The weight of the thyroid gland in pigs fed diets containing rape seeds was greater than in pigs that did not receive seeds, and was similar in both seed groups, 14.3 and 14.8 g, respectively in groups RS-10 and RS-20. Plasma thyroxine levels in groups RS-10 and RS-20 were lower by 8 and 14%, respectively, while that of triiodothyronine by 15 and 19%, respectively, than in group RS-0. None of these differences was, however, significant. A highly significant negative correlation was found between the weight of the thyroid and the level of thyroid hormones, r = -0.88 (T 3 ) and r = -0.99 (T 4 ).
The amount of energy deposited daily in fat did not differ significantly among the groups (Table 7) , while the amount of energy deposited in protein in groups RS-10 and RS-20, 2.3 and 2.4 MJ, respectively, was lower (P<0.05) than in group RS-0. Utilization of metabolizable energy worsened with increased rape seed intake and in pigs from group RS-20 was 9% worse (P<0.05) than by pigs fed the RS-0 or RS-10 diets.
DISCUSSION
Replacing 10 or 20% of barley with rape seeds increased the ME concentration by 0.6 or 1.2 MJ/kg feed due to the increase of the digestible fat from the rape seeds. On the basis of the work by Schiemann et al. (1971) on utilization of energy from various components of the diet, somewhat better performance should have been expected in groups RS-10 and RS-20 than in RS-0, since the degree of conversion of metabolizable energy into net energy is higher for fat than carbohydrates and protein. In our experiment, energy utilization was worse in pigs fed diets containing rape seeds than in pigs fed diets without rape seeds. This result differs, therefore, from those obtained in experiments on energy utilization by growing animals depending on the type and concentration of energy in feeds that do not contain antinutrients (e.g. Gadeken et al., 1985) .
Explaining the differences in energy utilization by pigs in the particular groups is rather difficult. It is not known whether greater heat production in group RS-20 than in RS-0 was due to different maintenance requirements or the higher cost of deposition of protein or fat. Providing isoenergetic rations in the experiment did not allow to distinguish these pathways of energy expenditure using regression analysis. Our study did show, however, that lower retention of energy in the body was the result of lower protein deposition. It was calculated that a 1 % rise in the proportion of rape seeds in the diet decreased daily protein deposition by 0.8 g (r = -0.51). A negative effect of feeding raw seeds, at both 10 and 20% levels, on the retention of nitrogen was already found at 40 kg body weight. This effect increased as fattening progressed resulting in lower weight gains. An effect of the time factor on the rate of body weight gain in piglets fed seeds was also found by Gill and Taylor (1989) .
In the reported study, the intake of glucosinolates rose along with dietary rape seeds content. This was accompanied by hypertrophy of the thyroid gland, liver and kidneys in all animals, even those in group RS-0. In spite of the lack of the control group fed on rape-free diet in this experiment, this statement can be based on previous experiments by Fandrejewski et al. (1994) carried out on pigs from the same herd, in which a high dependence between thyroid and internal organ size and glucosinolate intake of animals was found. It was calculated that the weight of the pigs in group RS-0, receiving the least GL (2.1 mM/d) was also elevated (by about 30% in comparison to animals that did not receive glucosinolates).
In pigs fed RSM together with RS, the increase in thyroid, liver and kidney weight and decrease in secretion of T 3 and T 4 were not, however, directly proportional to GL intake. In comparison with the results of our previous experiments Fandrejewski et al., 1994) on feeding RSM to fattening pigs, a weaker goitrogenic response to an increase of the GL level in the ration was found (from 2.1 to 7.3 mM/d). This was all the more surprising since along with the seeds, myrosinase (Bille et al., 1983a) was probably also introduced into the digestive tract of the animals. The pigs in group RS-0 did not receive this enzyme, since it is inactivated during toasting of rapeseed meal.
The greater weight of the liver and kidneys in pigs in groups RS-10 and RS-20 suggests that part of the increased heat production can be attributed to higher maintenance requirements. In studies by Baldwin et al. (1980) , an interrelationship was found between the basal metabolic rate and the weight of internal organs. On the other hand, in earlier studies ) on the energy metabolism in growing pigs fed feeds with high RSM contents, liver and kidney hypertrophy was also found, but no relationship was seen between the size of the organs and the level of heat production in pigs.
The results of the study suggest that the mechanism of action of antinutrients on the growing pig is different when they come from RSM and RS than when they are derived only from RSM. When both RS and RSM were fed, the negative effect of glucosinolates on the weight of the thyroid and internal organs was similar as when only RSM was fed, but only in the low range of GL content. Each combination of RSM and RS did, however, adversely affect energy metabolism from the start of fattening and, especially protein metabolism, which has not been observed when feeding RSM or RS (Skomial et al., 1993) alone. This can be explained by the presence of myrosinase in RS, an enzyme that hydrolyses glucosinolates in the digestive tract, giving rise to products that are harmful to the animal. Our results are in agreement with studies carried out on rats (Bille et al., 1983b) , in which the addition of myrosinase to a diet containing 1 mg progoitrin decreased protein utilization.
On the basis of the results of this experiment, it can be stated that raw rape seeds of double low rape in combination with rapeseed meal are not proper energy supplement for growing pigs. Although the seeds raise the metabolizable energy content in the diet when they replace cereals but they lower energy utilization and the diet contains less net energy than would result from the additivity of its components. Joint feeding of RSM and RS reduces the rate of protein deposition, a factor that is decisive for feed utilization by growing pigs.
